Background. Recent studies suggest a high prevalence of cognitive impairment and dementia in persons with end-stage renal disease (ESRD), yet risk factors for dementia and its prognostic significance in persons with ESRD remain unclear. The goals of this study were to determine the prevalence, correlates and dialysis-related outcomes of dementia in an international sample of haemodialysis patients. Methods. We analysed data collected from a cohort of 16 694 patients in the Dialysis Outcomes and Practice Patterns Study. Dementia was defined as a diagnosis of dementia documented in the medical record. We used logistic regression to determine the baseline correlates of dementia and Cox proportional hazards models to determine the relative risk (RR) of death and dialysis withdrawal for patients with dementia, while adjusting for a number of confounding factors. Results. Overall, 4% of the cohort had a recorded diagnosis of dementia. In the cross-sectional analyses, risk factors for dementia in the general population including age, black race, low educational attainment, cerebrovascular disease and diabetes, as well as modifiable uraemia-related factors, including markers of malnutrition and anaemia, were independently associated with dementia. After adjustment for a number of confounding factors, dementia was associated with an increased risk of death [RR 1.48, 95% confidence interval (CI) 1.32-1.66] and dialysis withdrawal (RR 2.01, 95% CI 1.57-2.57). Conclusions. Dementia is associated with adverse outcomes among ESRD patients. Dialysis providers should consider instituting routine screening for cognitive impairment among elderly patients in order to identify those at risk for associated adverse outcomes.
Introduction
Dementia is a major cause of death and disability among elderly individuals in the general population [1] ; and contemporary studies suggest that individuals with end-stage renal disease (ESRD) have a 2-7-fold higher prevalence of cognitive impairment and dementia compared with the general population [2] [3] [4] . However, unlike other comorbid conditions recorded in the Centers for Medicare and Medicaid Services Medical Evidence Form (the '2728'), no previous national or international efforts have been undertaken to estimate the burden of dementia or to identify its risk factors in ESRD. In the general population, age, cerebrovascular disease and cardiovascular risk factors including diabetes, hypertension, hyperlipidaemia and smoking are risk factors for dementia [5] . Among persons with ESRD, a number of uraemiarelated factors have been implicated as risk factors for cognitive impairment, including an insufficient dose of dialysis, anaemia and aluminium exposure [6] [7] [8] , although these findings have not been confirmed in recent studies [3, 4] .
Despite the strong association of dementia with morbidity and mortality in the general elderly population, there are limited data regarding the association of dementia with outcomes in ESRD. In particular, no studies to date have examined the association of dementia with the risks of death and dialysis withdrawal. Using the data from a large international sample of haemodialysis patients, we sought to examine the prevalence and correlates of dementia among persons with ESRD across multiple geographic regions. We also aimed to determine whether dementia was independently associated with all-cause mortality and dialysis withdrawal.
Methods
The Dialysis Outcomes and Practice Patterns Study (DOPPS) is an international prospective study of haemodialysis practice patterns and related outcomes. The design of DOPPS has been previously published [9] . Random samples of 20-40 haemodialysis patients (including incident and prevalent patients) from national representative haemodialysis facilities in seven countries, the US, Japan, France, Italy, Germany, Spain and the UK, were selected for participation in the DOPPS. Data collection began in 1997 in the US, 1998 in Europe and 1999 in Japan, with outcome ascertainment available through 2002 in the US, 2000 in Europe and 2001 in Japan. Patients were replaced as they left participating facilities for reasons of death, transplantation, change in treatment modality, recovery of renal function or transfer to another facility. Institutional review boards in each country approved the study, and all patients gave informed consent according to national requirements. The present analyses include 16 694 patients with complete baseline demographic data and non-missing dementia diagnosis.
Definition of physician-diagnosed dementia and covariates
Study coordinators at each facility abstracted data from the medical record using a standardized data collection instrument. Demographic factors, comorbid conditions such as cardiovascular disease and diagnosed depression, years on dialysis ('vintage'), medication use and laboratory measures were recorded at the time of study entry. Dementia was defined as a diagnosis of known or suspected dementia listed in the medical record. All the patients were tracked up to the end of the follow-up period for death and dialysis withdrawal.
Statistical analyses. Continuous variables were expressed as mean AE SD and were compared using Student's t-test. Categorical variables were expressed as proportions and compared using the chi-squared test. We estimated the prevalence of dementia in the overall sample and within the subgroups by age and country. We used logistic regression to determine the association [expressed as odds ratios (OR) with 95% confidence intervals (95% CI)] among a variety of patient characteristics and dementia. Model building proceeded as follows. We first conducted unadjusted analyses to determine the association of demographic, clinical and laboratory variables with dementia. Multivariable models were adjusted for country of residence and effects of facility clustering, in addition to demographic, clinical and laboratory variables. Variables that were not significantly associated with dementia were added back to the model individually to evaluate for residual confounding, defined as a change in the parameter estimate >10%. We included interaction terms to test for effect modification by age, vintage and region with other clinical characteristics. We used Cox proportional hazards models to evaluate the relative hazard, or relative risk (RR) of mortality and dialysis withdrawal in relation to dementia. We constructed two models for these analyses. In our primary model, we adjusted for demographic characteristics, comorbid diagnoses and laboratory values a priori hypothesized to be associated with dementia, death/withdrawal or both. In a second model, we also adjusted for functional status variables that may be in the 'causal pathway' (in other words, potential manifestations of, rather than risks for, dementia, including cachexia, the ability to eat independently and the ability to transfer independently). This latter model would provide the most conservative estimates of the RR attributed directly to dementia itself. To assess whether geographic factors materially influenced our results, we stratified the analyses by continents. Analyses were conducted using SAS version 8.2 (SAS Institute, Cary, NC, USA).
Results

Patient characteristics
The mean age of the study sample was 60 AE 15 years, 57% were male, 19% were black and 67% had graduated high school. The overall prevalence of diagnosed dementia in the study cohort was 4%. Despite a similar age distribution among the DOPPS countries, the prevalence of diagnosed dementia varied 6-fold, with the lowest prevalence observed in Europe (1-3%), and the highest prevalence in the US (6%) ( Table 1 ). The prevalence of diagnosed dementia increased substantially with age ( Figure 1 ). Below the age of 60, the prevalence of diagnosed dementia ranged from 1 to 2%. Over the age of 60, the prevalence of diagnosed dementia nearly doubled with each decade of age, with prevalence rates ranging from 3% for ages 60-69 to 18% for ages 90 and above.
Clinical correlates of dementia
A number of clinical characteristics were associated with diagnosed dementia (Table 2 ). In addition to older age, black race, fewer years of education, cerebrovascular disease, diabetes, cancer, diagnosed depression, the absence of residual renal function, markers of malnutrition and low haemoglobin concentration were independently associated with diagnosed dementia. The associations between select clinical characteristics and diagnosed dementia varied by DOPPS country (interaction P-value <0.05). Older age was more strongly associated with diagnosed dementia in Japan than in Europe or the US. For example, relative to subjects aged <60 years, persons aged !60 years had a 9-fold increased odds of diagnosed dementia in Japan (OR 9. In exploratory analyses, we examined the association of diagnosed dementia with haemoglobin concentration by quartiles to evaluate for a 'dose-response' relation. The ORs were relatively uniform among patients within the lower three quartiles: haemoglobin <9.2 g/dl (OR 1.59, 95% CI 1.06-2.38), haemoglobin !9.2 g/dl and <10.3 g/dl (OR 1.48, 95% CI 1.00-2.17), and haemoglobin !10.3 g/dl and <11.3 g/dl (OR 1.40, 95% CI 0.98-2.00), relative to patients with a haemoglobin !11.3 g/dl. Erythropoietin use, age and sex did not significantly modify these associations.
There was no significant association among smoking status, blood pressure, cholesterol, parathyroid hormone, dialysis dose or aluminium concentration and diagnosed dementia. Because aluminium levels were not routinely measured in DOPPS, we also determined potential exposure to aluminium through aluminium-containing binders or inadequate water treatment. The use of aluminium-containing binders was slightly less common among persons with dementia (3% vs 4%, P ¼ 0.06), and <1% of DOPPS facilities used inadequate water treatment practices that might result in aluminium exposure.
Prospective association of diagnosed dementia with dialysis outcomes
Figures 2 and 3 demonstrate the age-adjusted survival curves for an all-cause mortality and dialysis withdrawal, respectively, stratified by diagnosed dementia. After adjusting for the clinical characteristics listed 
Discussion
In this large, internationally representative sample of haemodialysis patients, diagnosed dementia was associated with an increased risk of death and dialysis withdrawal, independent of a number of confounding factors. Risk factors for dementia in the general population, such as age, race, educational attainment, diabetes and cerebrovascular disease, as well as several modifiable uraemia-related factors, were associated with diagnosed dementia among patients with ESRD, suggesting potential avenues for risk reduction. In DOPPS, the prevalence of diagnosed dementia was generally similar to that reported in large studies of the general elderly population in which objective measures of cognitive function were utilized. For example, the prevalence of dementia among 65-75-year-olds in the US is estimated at 5-9%, and quadruples with each decade of age [10] . It is estimated that physician recognition and documentation of dementia underestimates the true prevalence of dementia by 17-65% [11, 12] . Thus, if the providers of ESRD care underestimate (or under-document) the presence of dementia at a similar frequency to general practitioners, then it is likely that the true prevalence of dementia is substantially higher among ESRD patients compared with the general population. Despite a similar age distribution, the estimated prevalence of diagnosed dementia varied across DOPPS countries. While some of the regional variations in dementia prevalence might be attributable to subtle differences in case mix at dialysis initiation or to the effects of dialysis and other therapies thereafter, European providers may also be less likely to diagnose or document dementia compared with their US counterparts. Some of these variations may also be attributable to differences in genetic or acquired risk factors across populations. For example, Japanese patients have high rates of stroke, and while absolute prevalence rates of dementia in Japan are similar to other industrialized nations, the ratio of vascular dementia to Alzheimer's dementia in Japan is much higher [13] . These results suggest that several non-modifiable risk factors for dementia in the general population are also risk factors for dementia in ESRD patients. Age is the single most important risk factor for dementia in the general population, so it is not surprising that age was strongly associated with dementia in the current study. The differential influence of age on dementia risk in Japan vs Europe and the US could be due to differences in underlying genetic or acquired risk factors (such as APOE genotype) or differences in ascertainment. Cerebrovascular disease was associated with an almost 3-fold increased risk of the diagnosed dementia, consistent with the study by Fukunishi et al. [2] , who reported an increased incidence of vascular dementia among Japanese ESRD patients. Among modifiable cardiovascular risk factors, only diabetes was significantly associated with the diagnosed dementia in the current study. As is the case for the prediction of cardiovascular events in ESRD patients, the absence of an association among hypertension, blood pressure and cholesterol and diagnosed dementia may reflect residual confounding by malnutrition, or the effects of known and unknown 'non-traditional' risk factors for cardiovascular disease.
A number of 'uraemic' factors have been implicated in the pathogenesis of cognitive impairment among ESRD patients, but have not been well-studied as risk factors for dementia, per se. Erythropoietin therapy ameliorates the symptoms of uraemic encephalopathy among ESRD patients [6] ; however, anaemia is not a consistent risk factor for cognitive impairment and dementia in the general elderly population. Moreover, contemporary cross-sectional studies of ESRD patients have found no relation between haemoglobin level and the presence of cognitive impairment. In the current study, anaemia, defined as a haemoglobin concentration <10 g/dl, was associated with a 25% increased risk of dementia. Exploratory analyses suggested a threshold of $11 g/dl rather than a dose-response relation, though this finding should be interpreted with caution. Since most haemodialysis programmes target haemoglobin concentrations above 10-11 g/dl, it is unknown whether the anaemia itself or other factors (e.g. inflammation or other comorbid conditions such as gastrointestinal bleeding) preventing achievement of the haemoglobin target are responsible for the increased risk of dementia associated with lower haemoglobin concentrations.
The presence of residual renal function was also associated with a significantly lower risk of diagnosed dementia, suggesting a role for middle-molecule neurotoxins or cumulative effects of the dialysis process, such as oxidative stress, in the pathogenesis of dementia. Conversely, this finding might simply reflect the inability to ascertain residual renal function among persons with dementia. Diagnosed dementia was associated with lower body weight and lower serum albumin concentration, both potentially reflecting the presence of inflammation, which has been determined to be a risk factor for dementia in the general population [14] . Finally, we found no association between exposure to aluminium and diagnosed dementia, suggesting that dementia as a consequence of aluminium toxicity is likely to be extremely rare among contemporary haemodialysis patients.
Depressive symptoms are associated with poorer performance on tests of cognitive function [15] . Conversely, depressive symptoms are reported in up to half of patients with dementia [16] , and several prospective studies have suggested that treated depression or depressive symptoms are risk factors for the development of dementia [17, 18] . Similar to these studies in the general population, we found that diagnosed depression was associated with a 2-fold increased risk of diagnosed dementia, although further studies are needed to understand the complex relation between depression, cognitive impairment and dementia in ESRD.
Relatively few studies have examined the outcomes associated with dementia and cognitive impairment in ESRD. Kimmel et al. [19] found that Medicare recipients with ESRD had higher hospitalization rates for dementia compared with Medicare recipients with other chronic illnesses. Sehgal et al. [3] reported that cognitive impairment, measured by the Mini-Mental Status Exam, was associated with an increased number of hospital days and greater staff time after the termination of a dialysis session. Also using data from DOPPS, Mapes et al. [20] demonstrated that a 10-point lower score on the Kidney Disease Quality of Life Cognitive Function subscale was associated with a 2% increased risk of hospitalization and 5% increased risk of death. Our study extends these findings by demonstrating that diagnosed dementia is associated with an increased risk of death and dialysis withdrawal. Collectively, these data underscore the adverse outcomes and increased utilization of health care resources associated with cognitive impairment and dementia, emphasizing the importance of communicating prognosis and addressing treatment goals and advance directives with patients and families.
Given these findings, dialysis providers should consider instituting routine screening for cognitive impairment among elderly patients in order to identify those at risk for poor outcomes who may benefit from an improved management. For example, two classes of medications are now approved for the treatment of mild or moderate dementia. While the benefits of pharmacological therapy are only modest and have not been specifically tested in ESRD patients, many more drugs are in development that may also prove to be efficacious. In addition, several nonpharmacological interventions to manage behavioural, psychosocial, functional and caregiver needs have demonstrated utility in the management of dementia. Dialysis care providers may find a multidisciplinary approach involving geriatricians and/or geriatric psychiatrists may affect aspects of ESRD management, such as improved medication and dietary adherence. Finally, diagnosis allows a discussion of prognosis, placement options and end-of-life care that may enhance understanding, and ultimately reduce patient and caregiver stress.
This study has several limitations. First, the diagnosis of dementia was based on review of the medical record and not on formal cognitive function testing, and as previous studies suggest, ascertainment of dementia based on physician diagnosis is likely to underestimate the true number of cases of dementia and significant cognitive impairment. Thus, underascertainment of dementia cases or differential misclassification may have biased the results. Second, the analyses of baseline characteristics with dementia were cross-sectional, and we did not examine the association of clinical characteristics with incident dementia. Finally, we were unable to assess the contribution of several novel risk factors for dementia in the general population, such as homocysteine and inflammatory cytokines, since these markers were not measured in DOPPS.
In summary, we have identified a number of modifiable factors associated with diagnosed dementia in ESRD patients, suggesting avenues for therapeutic intervention in future studies. Given the anticipated increase in the number of elderly persons with ESRD and the adverse outcomes associated with dementia, prospective studies to define the optimal methods for detection, prevention and treatment of dementia are urgently needed in this high-risk population.
